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1. INTRODUCTION

Development of a Zone 8 propelling charge for the Army
155-mm howitzer has gone through numerous iterations over the
past several years. Earlier versions of the M203, Zone 8 charge
did, on occasion, have excessive pressures and even breechblows
associated with large-amplitude pressure waves. The excessive
pressures are believed to have resulted from improper ignition of
the main granular centercore-ignited propellant charge. 1 ,2  As
shown in Figure 1, the presence or the absence of pressure waves
in gun chambers could be readily apparent upon examination of
multi-station, pressure-time data or the difference signal
between two such pressure stations. Other investigators3 - 6

have suggested that the use of 19-perforation propellant grains
and/or modifications to the 7-perforation configuration, as well
as improved centercore ignition design, would result in a
propelling charge more forgiving to less-than-optimum ignition
conditions, thereby reducing the occurrence of high-amplitude
waves and associated problems. Specific benefits in using the
19-perforation propellant are: (1) increased velocity, (2) less
round-to-round variability in pressure waves and (3) expected
lower nominal pressure-wave levels . The studies suggested that
the responsible mechanisms were the reduction in initial surface
area and the increase in bed permeability to igniter and initial
propellant gas flow thzough the charge. Both factors tend to
mitigate the formation of locally high pressures in the chamber.
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Figure 1. Pressure-Time and Pressure-Difference Profiles - Ideal.

Stick propellant is finding increasing application in high-
performance artillery charges. Currently employed in a number of
European top-zone propelling charges, stick propellant has been
introduced into US artillery as a product improvement to the
existing 155-mm, M203, propelling charge as well as into 105-mm
and 120-mm tank amunition systems. Further, its use is all but
assured in future advanced artillery systems under consideration
in the United States.

The current popularity enjoyed by stick propellant can be
attributed to a number of very desirable ballistic advantages



associated with its use. The natural flow channels associated
with bundles of sti-ks reduce the resistance offered to the
igniter and initial propellant combustion gases in comparison to
a granular propellant bed. 7 - I 0 Locally high pressure gradients
cannot therefore be supported in a stick propellant charge, and
potentiaily damaging longitudinal pressure waves are all but
unseen. In addition, the regular packing of propellant sticks
yields higher loading densities than for randomly packed granular
propellant. Thus, ar equivalent performance could be acnieved
with a slightly increased mass of a lower-energy, ln e'r-flame-
temperature stick propellant

The propellant currently used in tne M203A1, Zone 8 charge
is triple-base, slotted, single- perforated M31AlEl. A
nitrocellulose combustible case which contains a lead
foil/wax//Ti02 liner circumferentially placed around its inside
diameter is the packaging container for the propellant. Unlike
its counterpart, the M203 granular charge, which is packaged in a
cloth bag, the nitrocellulose combustible case package is very
rigid. lgnition for the new M203A1 is achieved by using a
basepad containing a center spot of Class 3, Black Powder,
surrounded by a disc of Clean Burning Igniter (CBI), making the
system much simpler than the base and centercore ignition
required of the older M203, Zone 8 charge. Although the peak
pressure for the M203A1 charge is higher than that for the M203
charge, both charges, schematically shown in Figure 2, are
velocity-equivalent.

I FULL-LENGTH STICK PROPELLANT

BASE PAD

BASEtp =A/J SAT , A

SPDCNTERCRE IGNITUR BAG AND LNE

Figure 2. Schematic Configurations of M203
Granular and Stick Charqe.

To further enhance the M203AI's capability, the M31AIEI
propellant in the current charge was replaced by a propellat
with a high-progressivity/high-density (HPLJ) geometry. This iPD
was achieved both by using a more progressive propellant
configuration (19 perforations versus one perforation in the



current charge) and by a more densely-packed geometry which gave
a higher density-of-loading than the M31AIEl propellant. By
using this HPD concept, the advantages possible over the current
M203A1 charge were increased muzzle velocity at current chamber
pressures, a simple base-ignition system, and virtually no
indication of pressure waves. To ascertain the efficacy of this
new charge concept, the relationship between maximum chamber
pressure and the proper venting of the multiperforated stick
propellant by partial cutting (PC) perpendicular to the axis of
the stick must be experimentally determined.

2. TEST SETUP

Gun firings were conducted in a 155-mm howitzer using
locally available granular and stick propellants, M549
projectiles and auxiliary components necessary for the
fabrication of charges. The weapon, instrumentation, charge
design and construction, propellant cutting devices, as well as
the technique for propellant cutting are described in the
following sections.

A 155-mm, M199 howitzer tube, Serial Number 28501, modified
with pressure ports at several axial locations was the test
weapon for all. the firings. The standard muzzle brake was not
used in these tests. For this weapon, the standard, lanyard-
operated, spring-driven firing pin was replaced by a gas-
activated firing pin. The gas necessary to drive the modified
firing pin into the M82 percussion primer was obtained from an
M52A3B1 electric detonating cap. The rapid and reproducible
functioning of the M52A3BI enabled instrumentation to be
accurately timed by this firing system. An M158 recoil mechanism
in conjunction with the upper carriage from a 155-mm, M59 gun was
used to mount the APG sleigh which housed the 155-mm, M199
howitzer tube. All tests with this weapon were done at the Sandy
Point Firing Facility (Range 18) located at the Ballistic
Research Laboratory (BRL).

2.1 Instrumentation.

Instrumentation on all tests consisted of six Kistler 607C3
piezoelectric pressure transducers housed in a howitzer which was
capable of mounting gages at nine axial locations. There were
two gages in the spindle face at the back of the chamber (P1 and
P2), two at the front of the chamber (P5 and P6 at 83.3 cm), one
at a midtube location (P9 at 332.5 cm) and one at or near the
muzzle (P12 at 576.3 cm). The gage positions are schematically
shown in Figure 3. The four gages in the chamber (a redundant,
cross-chamber gage at two positions) were sufficient to yield an
approximation to the pressure-time profile in the chamber kFigure
4). By differencing either of the spindle gages with the forward
chamber gages, the first negative pressure difference, -a Pi, was
determined. Projectile displacement was determined by using a
15-GHz doppler radar to measure projectile motion both within and
10 metres beyond the gun muzzle. Projectile velocities, were
determined from both the doppler output (muzzle velocity) and
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from three solenoid coils placed 14, 21, and 29 metres,
respectively, downrangp of the weapon (in-air velocity). By
knowing the distance between the coils and the time intervals,
two different in-air velocities could be calculated. Ignition
delay was defined and recorded as the time from application of
the firing voltage to the M52B3A1 electrical primer until the
breech pressure reached 7 MPa. Generally, the data were recorded
in real time by the Ballistic Data Acquisition System (BALDAS)
under the control of a PDP 11/45 minicomputer. If the data were
not recorded online because of some unusual ignition delay or
computer malfunction, they were later digitized from an analog
tape recording made of each test firing.

DISTANCE FROM SPINDLE FACE (cm)

0.0 41.7 83.3 149.6 256.3 332.5 408.7 484.9 576.3

Figure 3. Locations of Pressure Gages in the
155-mm, M199 Cannon.

I SECTICN A-A

Figure 4. Locations of Pressure Gages in the

155-mm, M199 Cannon Chamber.

2.2 Charge Design and Construction.

Standard 155-mm, M203 Propelling Charges, Lot IND-79K-
069960, were obtained for use as the standard baseline round to
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compare against the locally-fabricated test rounds. This M203
charge is the top zone granular charge for the US Army 155-mm,
M198 Towed Howitzer. Depicted in Figure 5, this charge employs
M30A1 triple-base propellant, ignited by a basepad and centercore
ignition system both containing Class 1 Black Powder. The test
charges were fabricated by simply banding together, with binding
cord, the necessary number of 19-perforation JA2 propellant
sticks to give the charge weight desired. A basepad consisting
of 100 grams of Black Powder Class 1, was also attached with
tape to one end of the charge. All charge modifications
(loading, basepad construction, etc.) were done at the BRL. All
charges were conditioned at a temperature of 210 C for at least
24 hours prior to firing. M549 projectiles from Lot IOP-
78E001S066, inert-loaded with wax to 43.1 kg, were used for all
tests. Projectile weight and rotating band condition (burrs,
indentations, etc.) were ascertained prior to loading into the
howitzer; projectile seating distance was measured prior to
loading the propelling charge.
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Figure 5. M203 Propelling Charge.

2.3 Propellant Cutting Devices.

In order to use long sticks of single perforated propellant,
such as is currently used in the M203A1, or multiperforated
propellant which is attractive both from its loading density and
progressivity, the perforation of the propellant must be vented
in some manner so that propellant gases burning inside the
perforation can escape to the outside of the grain. The internal
pressurization of the long, unvented perforation which poses the
potential for mechanical failure of the grains, exposing
unprogrammed burning surfaces and leading to overpressurization
of the chamber, is of considerable concern. For each grain
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concept, venting (Figure 6) is done differently. With the single
perforated grain, one longitudinal slit, running the length of
the grain, is made. For multiperforated propellant, the venting
is done by making cuts perpendicular to the propellant axis. The
cuts at each axial location must open up all the perforations to
be effective; otherwise the propellant will build up internal
perforation pressure that will fracture the grain. This would
lead to large pressure increases which could rupture a gun tube.

STICK PROPELLANT

CONFIGURAT IONS

G +

a a 0
C,~ 0 @0

0~ a0000

4-' 0".00

Figure 6. Methods for Venting Single and Multiperforated
Stick Propellant.

The method developed at the BRL for venting the propellant
consists of the following steps: First, a set of equally-spaced
partial cuts at specified intervals perpendicular to the grain
axis are made. The cuts must extend to a depth greater than the
radius of the grain. After the first set of cuts 4s made, the
propellant grain is rotated 180 degrees, moved axially 3 mm, and
a second set of cuts is made. This procedure insures that within
3 mm of each specified interval of the partial cuts, all the
perforations of the grain are vented. The cutting technique
keeps the grain in its original stick geometry, allows some
flexibility in working with the grain during the loading process,
and gives a quick, visual quality-control check on the partial
cutting operation.

Two cutting devices, one transitional and one permanent,
were made to PC propellant for various tests ongoing at the BRL.
The transitional device is shown in Figure 7. It consisted of
two rectangular blocks of cherry wood modified, as illustrated,
to both hold and cut the multiperforated stick propellant. The
top unit (cutting block) was modified with narrow 1-mm slits so
that razor blades could be inserted into the block, backmounted
against the cutting block, and then glued in place. Two cutting
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blocks, indexed for placement of blades at intervals of 3.8 cm
and 7.5 cm, respectively, were fabricated. The base unit
(holding block) was modified with a v-shaped trough to hold the
stick propellant so that at least half the diameter of the
propellant was above the top flat surface of the holding block.
Slits, 10 mm wide, were made in the block perpendicular to the
trough so that the razor blade cutters would have a recess and
not be iapped off during the cutting operation. To cut a piece
of propellant with this device, the sample was placed with its
one end at the index end of the holding block and the block
positioned on the support mount of an Arbor press. The cutting
block was placed on top of the propellant and positioned so that
the steel razor cutters lined up with the slits in the holding
block. The cutting block was held in place by the compressing
unit of the press. Force was applied until the blades had cut
through slightly more than half the diameter of the propellant
grain. After the propellant was removed from the cutting block
by using two pry bars, the propellant was then turned 180
degrees, moved axially 3 mm and recut to a depth slightly more
than half the radius of the grain. This insured that the cuts
on this surface were slightly offset from the original cuts and
that both sets of cuts had overlapped each other, thus
guaranteeing that all the perforations had been cut. After the
cutting operation was completed, the stick propellant was still
in its original geometry and more importantly, was able to be
examined as to the quality control of the cutting operation.

Although the transitional cutting device worked, the method
of disengaging the propellant from the cutting block with pry
bars was time consuming and the potential for injury from the
razor blades was high. Soon into our tests, the BRL permanent
device which was in-house designed and fabricated (Figure 8) was
ready for our use. The great advantage of this device was that
the base structure was attached to the support mount of the Arbor
press and was restricted from moving. As it held the propellant,

i r'--Y " T=OUH

LZlOR-TYPE CUTTNO BLADES
FslING BOKl

Figure 7. Transitional Fixture for PC Propellant.

7



it also prevented the propellant from moving during both the
downward cutting operation and the upward release of the cutting
device from the propellant. The cutting device, in turn, was
permanently attached to the ram of a hydraulic press so that as
pressure was applied or released, the cutting device moved
accordingly.

As in the transitional system, there are two basic parts to
this cutting device (Figure 8). The base structure, made of
aluminum, consists of a bottom section with a half-cylindrical
trough for holding the propellant. Slots ( 3 mm wide x 50 mm
long x 25 mm deep) at 3.8 cm intervals and perpendicular to the
axis of the base, are positioned along the length of the base.
The top section of the base structure mates with the bottom
section. It also has a half-cylindrical trough with slots
running completely through from the top to the bottom surface.
These slots mate with those in the bottom section. When the top
section, which is attached to the bottom section by a pivot
joint, is closed and locked to the bottom section, the structure
holds the propellant in place. The slots in both sectionc are
so placed that PC can take place on intervals of 3.8 cm.

CUTNG BLOCK/

T-SH4APED

HALF-CYLINDRICAL
TROUGHS

Figure 8. BRL-Designed, Permanent Fixture for PC Propellant.

The cutting section of the permanent device is so designed
that special cutting blades fit into a T-shaped groove at
intervals specified by spacers so that any combination of 3.8 cm
intervals can be obtained simply by changing the spacer
arrangement. When the proper spacing is made, the blades are
locked in place for the duration of the cutting operation. As
before, the propellant has to be rotated 180 degrees to complete
the cutting operation. The advantages of this system are that it
is designed for easy changing of spacers, for holding the
propellant in place during both cutting and release, for
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movement of the cutting device by hydraulic devices, and for

eliminating contact with sharp cutting devices.

3. RESULTS

Propellant lots used for this project are shown in Table 1
and the Propellant Description Sheets are in Appendix A. The
2.39-mm weO propellant was used for illustrating the importance
of PC in multiperforated stick propellant and its effect on
ignition and combustion variability as indicated from pressure
and velocity measurements. The 2.54-mm web propellant, being
slightly larger and thus closer to that calculated for the
optimum web for the 155-mm system, was used to demonstrate the
performance increase, as indicated from higher muzzle velocities,
obtained using a multiperforated stick propellant in comparison
to the standard M203, Zone 8 granular configuration.

Table 1. Multiperforated JA2 Stick Propellant Used in Tests.

Propellant Lot Number Web Length Diameter Perf
(mm) (mm) (mm) (mm)

JA2 RAD-PE-792-28 2.39 474 18.1 0.766

JA2 RAD-PE-792-26 2.54 476 18.3 0.559

3.1 Firings with RAD-PE-792-28, JA2 Propellant.

The importance of properly venting long sticks of
propellant, whether single perforated as in the improved M203
charge or multiperforated as in some of the new charge concepts
coming into use is an ongoing concern that has been heavily
investigated8- I 0 at the BRL. Related investigations have
underscored the importance of the optimized venting of the grain
for proper ignition and combustion to proceed in an acceptable
and predictable fashion. Both the perforation diameter and the
burning rate of the propellant contribute significantly to the
level at which pressure builds up in the perforations leading to
unprogrammed breakup of the grain. To demonstrate the importance
that the venting parameter plays in the proper ignition and
subsequent combustion of the propellant grain and its effect on
peak pressure, tests were conducted with the smaller of the two
webs of JA2 propellant, RAD-PE-792-28.

All firings were done with the propellant and auxiliary
components conditioned at 210 C for a minimum of 24 hours.
Charges, which were fabricated at the R18 facility, consisted of
bundles of stick propellant held together by binding cord. The
main ignition system for the propellant was a basepad containing
100 g of Black Powder, Class 1. In order to determine what
charge loading was acceptable when using multiperforated, long-
stick JA2 and still stay within the pressure limits of the

9



howitzer, charge establishment firings were done first with the
unvented propellant - this being the configuration having the
greatest potential for fracture. Fracture would cause
unprogrammed increases in surface area leading to high chamber
pressure. After the initial round was fired at a very low charge
loading, successive increases in charge loading determined that
9.75 kg of JA2 was needed to give a breech pressure of 303 MPa,
the pressure obtained with a standard, granular M203, Zone 8
charge.

These several preliminary firings are shown in Table 2 and
Figure 9. Because of the uncertainty of firing unvented (no PC),
long sticks of multiperforated propellant, the test was started
at a charge loading of 4.53 kg, giving a very low spindle
pressure of 75 MPa. As the density of loading increased, the
incremental changes in charge loading produced progressively
greater increases in pressure. The pressure change per unit
weight of charge went from 27 MPa/kg to 44 MPa/kg to 50 MPa/kg to
a substantial 126 MPa/kg when the charge loading reached or
surpassed a critical loading density. At this charge loading
level, grain breakup leading to unprogrammed burning surface and
reduced grain permeability lead to both high - APi and
substantial increases in chamber pressure. For the last charge
establishment firing, the pressure waves superimposed on the
pressure-time trace, as well as the pressure difference-time
profiles, indicate a substantial pressure wave level, with a
- APi of 55 MPa. Since the intent of the charge establishment
was to determine a safe level of charge loading to conduct the
test at or near 303 MPa, the pressure level of the M203 charge,
no further increases in charge loading were done.

ho0 GUMJE STA1LSHWUM FIK!J=

350 /

. 300 /

5 0 M PC O" AD ' 2-Z/

- o / I

0

* 200

150

to -- f ! .

0
0 4 5 6 7 a I0 II

Charge Wei ght (Kg)

Figure 9. Charge Establishment Firings.
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After the charge loading of 9.75 kg was established as
described above, two rounds each at 3.8-mm PC, 7.5-mm PC, 15-mm
PC, 30-mm PC and no PC were fired. All the firing results
are listed in Table 2 and the pressure-time plots are
chronicled in Appendix B. The plot in Figure 10 shows the

Table 2. Firing Results for RAD-PE-792-28 Propellant.

PC CHARGE P1 P2 P5 P6 P9 P12 DOPPLER COILS Ignition - &Pi

LENGTH LOADING (1-2) (2-3) Delay

(cm) (kg) (--------- MPa --------- ) (m/s) (m/s) (Ms) (Mpa)

[Order

of Fire]

Charge establishment firings with no PC

M203 290 270 283 281 152 -H- 820 818 817 44 4

Checkout 300 300 287 281 156 -H- 820 810 814 54 0

No PC 4.53 75 76 75 74 45 29 454 454 480 33 0

5.90 112 113 109 109 64 42 550 549 546 32 0

7.73 193 197 186 188 98 55 679 - - - 675 19

9.17 265 268 256 261 116 67 763 763 75Q 18 14

10.04 376 --- 345 345 126 78 879 638 831 26 55

Test firings with different PC propellant

Test M203 270 277 265 265 -H- 101 816 805 803 52 3

Test M203 269 272 260 263 159 103 804 809 802 51 2

End test M203 268 272 -P- -P- 156 92 806 810 808 50 -P-

No PC

[1] 9.77 302 308 -H- 291 133 88 796 795 793 28 6

[61 9.78 302 308 -P- -P- 123 81 782 786 781 27 -P-

(3.8)

[2] 9.78 186 190 182 -H- 130' 89 722 714 720 18 0

[7] 9.79 169 170 -P- -P- 117 92 696 696 696 18 -P-

(7.5)

[3] 9.77 209 213 190 -H- 132 86 735 738 735 14 18

(8] 9.74 215 218 -P. -P- 133 95 745 747 743 21 -P-

(15)

[4] 9.79 247 250 243 247 130 82 765 762 765 21 20

[9] 9.79 249 257 -P- -P- ----- -- 789 785 20 -P-

(30)

[5] 9.79 269 274 263 -H- 125 83 781 775 770

(10] 9.75 300 -H- -P- -P- 128 86 797 803 799 17 -P-

-H- Heat from gases got to gage giving anomalous results

-P- Gun gage port plugged with steel dummy gage

--- Data lost
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relationship between spindle pressure and the ratio of
perforation diameter (Dp) to partial cut length (PCL). As the
PCL decreases, an assumed more stable configuration, the ratio
increases. Pressure, for a PCL of 3.8 mm was, at 178 MPa, almost
a factor of two smaller than for the rounds with no PC. As the
PCL increased, the pressure increased, indicating that the
burning of the grain, especially in the long inadequately vented
perforations, was not burning as geometrically calculated.
Although velocities increased with increasing pressure, as would
be expected, the unpredictability of the peak pressure for rounds
without optimized PCL was shown by considerable round-to-round
pressure variation, a condition that would lead to undesirable
large velocity variations in a large test series. The effect the
PCL has on the peak pressure is shown in Figure 11. Obviously,
if we were designing a stick propellant charge with a properly
PCL of 3.8 mm, the charge loading would have been much more than
used for these tests, since at a PCL of 3.8 mm, the peak pressure
was only 178 MPa.

250J W -
- PC

-; Z52 - .------- 15 C4 PC

zoo-
.A 1.3 C1 PC

so

50-

0 5 IC 15 20 25 30

Figure 10. Test Firings for RAD-PE-792-28 Using Different PCL.

3.2 Firings with RAD-PE-792-26, JA2 Propellant.

As in the firings with the smaller web propellant, a short
series of firings was necessary with this lot of propellant to
establish the charge loading needed to match the pressure of the
standard M203, Zone 8 charge. As in the previous tests, all
charges were fabricated on-site at R18 and all components were

12



TES7 ROUND. RPD 792-7S TEST RGUND. RPOD 792-29
NO 0(. 9.77 _G C. GE 3.8 CM PC. 9.7S KG CNGRGE
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2929

! I

K Ic
-n

-V----- -

5 10 Is 2S a0 22 3S WO %S SS 20 25 65~S 1 S 20 2 39 3 40 4S so s2 f 66

rTIE (MS1 TIME (MS;

Figure 11. Pressure-Time and Pressure Difference-Time
Plots for Unvented and Optimally Vented

Multiperforated Stick Propellant.

conditioned for a minimum of 24 hours at 210 C. The previous
tests confirmed the importance of the PC spacing for stick
propellant. For a PCL of 3.8 mm, the minimum spacing allowed by
the BRL fixture, the ratio of PCL to perforation diameter
(PCL/Dp) for this lot of propellant was 68. Since this was even
larger than the 52 for the previous lot, all the propellant was
PC at a PCL of 3.8 mm, the most conservative of the PCL used in
the earlier tests. Base ignition was with 100 gm of Black Powder,
Class 1, as in the previous tests. Results for the charge
establishment firings for RAD-PE-792-26 are shown in Table 3 and
Figure 9, respectively.

As noted in Table 3 and graphically illustrated in Figure 9,
a charge loading of 11.58 kg was required for obtaining a breech
pressure of 303 MPa, the level of the M203, Zone 8 charge. This
charge loading was, for a grain with the correct PCL, much larger
than with the previous propellant with no PC. The three
incremental changes in charge weight from 8.17 to 9.52 to 11.80
kg gave increments of pressure per unit weight of propellant of
37 and 59 MPa/kg, much below the 126 MPa/kg of the previous RAD-
PE-792-28 propellant with unoptimized PCL levels. There was no
indication, within the range of the data, to suggest that the
charge establishment could not have continued to higher charge
loading if the intent would have been to reach a much higher
chamber pressure.

The remainder of the propellant was used for firing the test
series. Chamber, mid-tube and near-muzzle pressures, coil and
doppler velocities, ignition delay and - APi are shown in Table
3. Even though the web for this propellant was well below the
optimum required for a 155-mm system, there was, as expected, an

13



Table 3. Firing Results for RAD-PE-792-26 Propellant.

PC CHARGE PL P2 P5 P6 P9 P12 DOPPLER COILS Ignition -& Pi

LENGTH LOADING (1-2) (2-3) Delay

(cm) (kg) (-------- MPa ---------- ) (m/s) (m/s) (Ms) (MPa)

Charge establishment firings with a PC of 3.8 mm

M203* 290 270 283 281 152 -H- 820 818 817 44 4

Checkout 300 300 287 281 156 -H- 820 810 814 54 0

3.8 8.17 137 140 137 114 102 69 648 647 644 21 0

3.8 9.52 186 189 181 183 127 79 722 723 719 2b C

3.8 11.80 320 325 311 314 169 86 854 854 849 18 20

Test firing with a PC of 3.8 mm

Test M203 293 296 282 286 158 88 820 822 819 57 3

Test M203 290 294 280 283 149 87 820 823 820 59 3

3.8 11.58 292 296 282 285 166 89 825 823 820 22 6

3.8 11.58 299 296 282 285 155 89 850 843 -L- 23 18

3.8 11.58 292 296 282 284 160 81 842 848 838 22 16

3.8 11.57 288 292 277 276 169 --- 840 843 837 27 10

3.8 11.58 286 290 266 266 166 95 838 843 835 20 11

3.8 11.57 285 289 275 278 166 111 838 840 834 19 17

3.8 11.56 272 275 263 265 171 105 828 830 825 15

3.8 11.57 276 28' 266 268 170 105 831 832 828 16 14

3.8 11.57 278 281 265 269 173 101 831 832 827 14 13

-H- Heat from gases got to gage giving anomalous results

-P- Gun gage port plugged with steel dummy gage

--- Data lost
* Same two M203 checkout rounds as in Table 2 (All charge estaotlishmont

rounds for both lots fired on the same day)

increase in muzzle velocity over that of the standard M203, Zone
8 granular charge of approximately 2.5 percent. Base ignition
similar to that of the M203A1, Zone 8 charge was effective as
demonstrated by the ignition delays which were smaller than for
the M203 charge. The level of - APi was low for all tests.

Since the higher energy of the JA2 and the increased
progressivity of the stick configuration both contributed to the
increase in velocity, computer runs were done to obtain an
approximate estimate of what could be expected with an optimized
web of propellant with the results shown in Table 4.
Approximately half of the 6.0 percent velocity increase in going
from the standard M203 system of 826 m/s to the most optimized
JA2 stick configuration of 882 m/s was due to the increase in the
propellant energy of JA2 over M30AI (882 m/s versus 855 m/s).
With an optimized web of stick propellant, the optimized velocity
calculated over that of the M203 charge could probably be
realized.

14



Table 4. Velocity Comparison for the Standard M203 Granular
and Two Optimized Charges of JA2 and M30

Multiperforated Stick Propellant.

PROPELLANT CHARGE CHARGE PRESSURE VELOCITY
TYPE TYPE (kg) (MPa) (m/s)

M203, Zone 8 Experimental 11.80 303 826.2
M30Al Stick Calculated 14.79 303 855.4
JA2 Stick Calculated 14.72 303 881.5

4. CONCLUSIONS

We have demonstrated for high-progressivity/high-density,
multiperforated, long grains of stick propellant, the importance
of the proper placement of partially cut vents to insure that the
initial ignition and subsequent combustion of the grain proceeds
as intended both from ballistic code simulations and experimental
tests. Without optimum placement of the partial cuts, the
internal pressurization of the long, inadequately-vented
perforations in the stick propellant leads to grain breakup which
causes unpredictable gun pressure levels and higher projectile
velocity variations. The relationship between the partial
cttting length and the perforation diameter for multiperforated
stick propellant, both properly and improperly vented, was
demonstrated for two different propellant webs/perforations.
Depending on the propellant perforation diameter, the proper
partial cutting length could be varied, although for these tests,
the perforation diameters did not vary enough to justify larger
partial cutting lengths.

Improved ballistic performance was obtained by using a
multiperforated stick propellant in place of the granular in the
M203 charge and the single perforated stick in the M203A1 charge.
By using an optimized web of propellant, it might be possible to
achieve a six percent increase in velocity as predicted from
ballistic calculations.

A technique and equipment for PC multiperforated grains of
stick propellant was developed. The equipment design made for
efficient, safe and reliable partial cutting of the stick
propellant. Without this physical modification, the use of long,
multiperforated stick propellant in gun systems would not be
feasible.
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PROPELLANT DESCRIPTION SHEET EXEMPT-PARA 7-2a
JA-2 i ND-M- 792-26

(--OCOR letter SMCRA-EN dated 3/27/86 * PCKIDAMOUNI 480 PEnd-

M,.G, RADFORD ARMY AMMUNITION PLANT, RADFORO. VA. tCO D' CT  kA.0-8• DAAA09-86-Z-0003

HFTROCELLULIOSE
ACCIPrW &UNQ NUMBERS NITROGEN CONTENT KI STARCi STAIUITY (134.5*C)

B95063, 95067 W-3'¢I
MAX_ % Ni

MIN ... % N...-MNj MIN

AVG %L. 45+ MINj 10 MIN
, __________ EXPLO SION IdE

MANiUFACTURE OF SOLVETLESS PRFELT. . ..... .....

MCENTAGE REMIX TO W14LE

OM T PRCS- DRYIGY ous

______ -day ag1ing Tbpforp nnd nf*p- 1- ~pn in 4
Ambient 0F T I gcrease at 5*F pr heo,,r

ll00F Anneal for 6 hourq o

P~OPu.A4TC0POST~ON ( 7S~S~F f~lSED PQPEtA~I:... . STABIUrY AND PH4YSICAL TS
MZOFE.UUT COMSITON | :: :.TESTS O3F :iN IS PED P R 0F ELL ,1IT:.:!i.::iii::! r*, *O ,,. ~

________________ 'MA 1C AU2OTSS_______CNSTrrUENT 777 jE-t FORMULA ACTUAL *~
IITROCELLULOSE 59.50 ± ±2.ac I )d.. i IHA - 1O 0 - , ,
NITROGLYCERIN 14.30 t1.00 NO FUMES IN__Ih____N7_

DIETHYLENE GLYCOL OINITRATE 24.80 ± ±1.50 I FORM OF PROPELLANT I I

AKAROIT - 1 0.70 I t .2 I n-79 I "TALIANI I1.0 I
MA-NESIUM O E 0.05 I MAX. I _ _ __)_ __ -nat_ _ OMM**

GRAPHITE I 0.05 MAX. I n IOE 1 ____._OC_ 3 11177

TOTAL 100 ]O I nn nn ASS DENSITY (g/ccj 1.569 MIN. J 1.59
t_ t I -- _ COMPRESSIBILITY I__

Moisture 1 0.5 i +0.3 0.18
_ _ _ _ _ _ _I _ _ _ 0 l _ _

LOT NUMBER TEAP -F ,e h 5 q - I
TEST RA6 90 8?.9 1I 97.06 j PAR'METER I EfoncAnON IE I FNISHE spc ACTUAL

S145 19__, , q a.9 9r.9q1 LNi tIU 1 .75 1 1 1b.ib
-40 _72.03 Iq.51 DIAmErERD, 0.712 0.7341 0.7081 I

PEE 04 , . 1 0 .0 2 2 0. 0 2 0 1 0 .0 2 8 DA TE

STANDARD 41__i___1-_ I 0±0.02 9-8 DAEinner . - 0.TI14- 1 0.092 7/ACKET /

'A, uc Middle 1 0.100 10.1201 0 .093L sAMFuD 7/11/86
Fired in a nominal 700 cc closed bomb t . 4/86

at a 0.1z g,'cc loading density. L0 26.33 J 26.53 OFFERE

6E. DSCRI! TION SH -TS
1 6 2 ,FORWARDED

___ _ 14. Oct 86

TYPE OF PACKING C=NTAINER Wooden Boxes 652D: 8@ 60 lbs Net
RUMAxs * Produced to DOD-P-64035(AR)

Propellant did not reach 100mm of Hg
HOE formula calculations based on "percent measured" results.

This lot meets specification requirements.
S*IWTURE Of CONIRACTOIS REPRESENTATIVE " ENT OUAUTY ASSuAANCf RESPRIESNIATIV,

ARRCOM FORM 214R 10 AUG 77 v/
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PROPELLANT DESCRIPTION SHEET EXEMPT-PARA 7-21
1 AR 335-15
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S11PIC A11AO,, COR Letter SMCRA-EN dated 6/12186 * PACj(D AMOUN 1 5 35 1h s-

FG-A I LJrECTNmfiff

RADFORD ARMY AMMUNITION PLANT. RADFORO. VA. I DA09-86-Z-O0
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,,,!MAX _ __ . MIN _ MIN
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, ,, -a ,s- E PROICEZSS ~-DP.YIHG -:
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iOO°*F Ambient t Cool dow-n for processing it-
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CONSUTUENT FORMULA ______,__1 t AA MAL

NITROCELLULOSE I 59.50 i _ am0___ 1 58.Q-1 I WAT ______'___
'

ITROGLYCERIN 14.90 ±1.00 15.52 1 NO FUMES NF I Hr NF I Hr-
DIETHYLEME GLYCOL DI ITRATE i 24.3c 1 ±1 50 F 2 . 73 i FORM OF PROPELLANT CVl ! I,

IXARDiT 1: 1 0.70 1 :9.2 ,_7, "TALIANI i.0 H rt i 0.2b3
MAGNESIUM OXIDE f 0.05 I MAX i ____ _ _ _____ a____,_-..,m,

GRAPITE I 0.05 I MAX. 0.05 HOE I2.i 1117
MOISTURE T 0.5 ! Max, Itn-ig

TOTAL 0 00 nn 1(0 ABS 0ENSriTY rrr( , .si m,,. if 1.60

L T I I

_ _ _ _ _ _ _ _ I _ _ i

I-40 1_72.47 1 9 _.5 1 _ _ _ _ 18._75 1 1-. _ _ _

,95.17 h 97.__ A_ _R_ __ I 0__ _o.73_- 0.711 1_iI

IN t 'ERF :)IA ' U.0 8 i0.026 10.030 CA?;

' tn er U .UJD I 1 0.-092 &cxE: 11!7/86
REARK S Middle =j 1 ' 0 1709/

Fire" in a nominal 700cc size Outer 0.095 10.092 1STFNS-EZ)
bomb at a 0. 15 g/cc loading density Io

CIA 25.43 23.70 DtC.'5iT:ON SHEETS

TVPS OF PACKING CONTAINER Wooden Boxes 652D: 8 @ 60 lbs and 1 @ 35 lbs
RA" * Produced to DOD-P-64035

HOE formula calculations based on "percent measured" results.

This was a two part production run.

This lot meets specification requirer 22
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APPENDIX B

Plots of Spindle Pressure (Solid Line), Forward Chamber
Prescure (Dashed Line), and Forward Chamber Pressure (Solid Line)

as Sequentially Listed In Tables 2 and 3

23



INnToNALLY LEFr BLANK.

24



M203

3609

2SO9

LUI

0

-10

3S 40 45 so 55 80 85 79 75 89 85 so 95
TIME (MS)

M203
400-

05

260-

200-

Ld

U) so

-1035 4,0 45s 50 55 i9 65. 79 is 40 s9 9

TIME (MS)

25
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